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The  single-phaee  shunt  induction 
motor  differs  from  the  ordinary  type  in 
that  ite  rotor  is  equipped  with  a  com  - 
mutator,  upon  which  bear  two  pairs  of 
short-circuited  brushes  for  each  pair 
of  poles  on  the  motor.   The  brushes  of 
one  set  are  immediately  under  the  center 
of  the  poles,  and  those  of  the  other  set 
are  at  right  angles  thereto.   Obviously, 
the  effect  is  a  permanent  short-circuit- 
ing of  the  armature  windings  in  two 
planes,  one  parallel  with  and  the  other 
perpendicular  to  the  flux  from  the  sta- 
tor  field  windings. 

To  determine  the  speed  variation 
possible  with  this  type  of  motor,  a 
Westinghouse  compensated  series  motor  was 
altered  to  conform  with  the  above  con- 
ditions.  The  original  connections  and 
the  alternations  made  are  shewn  in  the 


accompanying  Fig.  1.    The  motor  is  a  four- 
pole  machine  but  a  two-pole  model  is  used 
throughout  this  discussion  to  avoid  un- 
necessary complexity,  the  theory  being 
the  same  regardless  of  the  No.  of  poles. 

The  brushes  immediatoly  under 
the  poles,  shown  in  the  illustrations 
as  coincident  with  the  Y  -  axis  in  rect- 
angular co-ordinates,  will  be  referred 
to  as  the  Y-brushes,  and  the  other  set 
will  be  called  the  X-brushes.   The  act- 
ion of  the  motor  is  as  follows :- 

At  standstill  there  is  a  flux 
set  up  parallel  to  YYl  by  the  current 
(If)  through  the  field  windings.   Call 
this  flux  &. . 

This  flux  produees  a  trans- 
former E.M.F.  (Ey)  with^ armature,  which 
is  a  maximum  across  the  brushes  YY*  and 
aero  across  the  brushes  XX1. 
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The  machine  is  then  simply  a  stationary 
transformer  with  a  short-circuitod  second- 
ary (the  armature).   A  current  (ly)  flsws 
between  brushes  YY*. 

If  the  machine  is  given  a  ro- 
tation in  the  direction  of  the  arrow 
the  conductors  cut  the  flux  $L.   An 
E.M.P.  ie  generated  which  is  in  phase  with 
py   and  which  causes  a  current  I   to  flow 
in  such  a  direction  that  its  magnetic 
effect  tends  to  oppose  rotation.   This 
speed  E.M.P.  (E2)  is  a  maximum  across 
the  %  brushes  and  zero  across  the  Y 
brushes.   Its  current  (I  )  includes  a 
north  pole  on  the  armature,  displaced 
90  electrical  degrees  against  the  dir- 
ection of  rotation  from  the  main  field 
pole  whence  the  flux  $.  emanates.   This 
This  induced  north  pole  on  the  armature 
neglecting^ losses  reaches  its  maximum 


value  a  quarter  of  a  cycle  later  than 
the  main  field  pole,  since  the  current 
Ix  lags  90°  behind  its  E.M.F.,  which 
E.M.F.  is  in  phase  with  the  main  field 
flux.   If  a  north  pole  1b  at  the  top 
(as  shown  in  the  diagram)  a  south  pole 
is  induced  en  the  armature  on  the  right 
(equivalent  to  a  north  pole  in  the  pro- 
Meeting  pole  piece  shown.   This  flux  at 
right  angles  to  the  main  field  is  call- 
ed the  "speed  field"/  since  it  is  due  to 
a  speed  generated  E.M.F.  and  is  only 
prosent  when  the  motor  is  running. 

The  rotating  conductors  also 
cut  the  horixontal  flux  (  ^%)  due  to  the 
speed  current  (lx).   As  in  the  case  a- 
cove , a  north  pole  is  produced  90  elec* 
degrees  displaced  against  the  direction 
of  rotation  and  l/4  of  a  period  beMnd 
the  pole  from  which  ^  emanates. 
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Thie  pole  is,  therefore,  located 
under  the  main  field  pole  first  consider- 
ed.  Since  it  reaches  its  maximum  strength 
as  a  north  pole  leo  time  degrees  later 
than  the  main  field  pole,  it  is  at  any 
instant  of  opposite  polarity  to  the  main 
field  pole.   Call  the  flux  causing  this 
pole  <pc   and  the  corresponding  E.M.F.  and 
current  Ec  and  Ic,  respectively.   Since 
flux  flows  from  the  south  pole  to  the 
north  pole  in  the  armature  (within  a 
magnet),  and  from  the  north  pole  to  the 
south  between  the  field  poles  (outside 
a  magnet),  it  is  evident  that  0C  is  in 
the  same  direction  as  the  flux  from  the 
main  field  poles.   That  means  that  the 
E.M.F.  (Ec)  causing  this  flux  is  in  op- 
position to  the  E.M.F.  (E„)  developed  4n 
the  armature  considered  as  the  second- 
ary of  the  transformer  of  which  the  main 


field  winding  is  the  primary. 

Ec*  the  E»M»F«  generated  by 
the  motion  of  the  conductors  through 
the  speed  field,  ie  the  counter  E.M.P. 
of  the  motor.   Neglecting  all  losses 
the  free  running  speed  of  the  motor  is 
such  that  Ec   is  equal  to  Ey.   Under 
these  conditions  the  machine  is  equi- 
valent to  a  transformer  with  an  open- 
circuited  secondary,  and  the  only  cur- 
rent supplied  to  it  is  the  magnetizing 
current.   This  condition  is  reached  at 
synchronous  speed,  as  shown  below :- 
(From  equation  of  transformer) 

*    V&  x   lo* 
where  N  is  the  effective  turns  on  the 
armature,  f  is  the  frequency  and  9t  the 
flux  from  the  field  windings  which  cuts 
the  armature.   (Ey  i»  the  effective  value). 
If  there  are  C  conductors  4n  the  armature, 
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there  are  £  turns.   These  turns  form  two 

2  tU 

paths  in  parallel  be tweenA brushes  of  one 

set  (2  pole  model).   Hence  there  are  -+ 

effoctive  turns  in  series.   The  E.ii.i' . 

generated  per  coll  =  Emax  Cos*/  where 

^max,  ir  the  E.M.F.  of  the  coil  whose 

axis  is  A    to  the  flux  y>^ and  <*-  is  the 

angle  by  which  the  coil  considered  is 

displaced  from  the  position   of  maximun 

E.M.F.   The  average  E.M.F,  per  coil  = 

1  B^  t&i.  <*.  d<*.  =  £  max  js~«j=   2  £  max  . 
IT  Jrr^  IP-       t    -%     7T 

That  is,  the  effoctive  turns  =  2_  x 

77~ 

the  actual  turns,  or  N  =  C  x  2  =  C 
.  •  .  E   =  jgf^t 

5    jrsr  x  ig8  x  c     =   cf^? 

2~"F   "ToS 

The  sE.M.F.  generated  by  the  cutting  of 

the  flux  0u  is 

d  vC 

Ex  =  ^  c  x  W  .(  s  p0ie  machine).^*- 4^*^ 

£  10°    A  ^_ 

At  synchronous  speed  N  =  f,  and/E  = 

tty.   Ex  is  apposed  by  an  E.M.F.  of  self 
induction  in  the  windings.   This  E.M.F. 
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isCne/rloci  inr  losses)  on  al  to  E  nnd 

x 

henco  also   to  B-.      It   io  generated    in 

tho    'indinrs  by   t^nsfomor  action  and 

therefore  -UBt  bo  due  to  a  ^lux  ooual 

t.  e., 
to  that  cauoinr  R™,  U* — ,  the  Bpeed 

floli  (  <pk)A  at  synchronous  speed.  Ob- 
viously, then,  the  conductors  outtlnf 
hrouph  the  field  tfi    at  synchronous 
Lso  roner-ttosr  an  K.M.P,,  !  f 
unl  to  By |   :-:c,  aa  sho-m  a- 
bove,  is  tho  counter  o.n.f.  of  the  rotor. 
The  machine  will  speed  up  until  the  ecu  - 
ter   .  .  .  is  equal  to  the  Impressed   .  .  . 
(neglecting  losses),  anti  its  free  run- 
ning speed  is  synchronous  sp^ed,  n.s  Tith 
the  polyphase  induction  rotor. 

The  tliae-phaee  relatione  of  the 
various  quantities  dincunsed  above  are 
i  in  the  vector  diggrai  ,    .  2. 
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This  diagram  shows  E  directly 
c 

in  opponltion  to  !y,   ctually, 
to  the  resistance  of  the  circuit  of  which 
ire  X-brushea  form  a  part  (    the  circuit 
for  the  npood -field  current)  tvoeo  fTo 
.  .  .'   are  .not  in  exact  pliaee  opposi- 
tion, raw  holow  "rill 


«*.!*. 
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E^   is  balanced  by  the  vector  sum  of  the 
RXIX  and  Xx  Ix  drops,  as  shown.   The  flux 
0M   is  parallel  to  the  ^   Ix  vector,  and 
therefore  is  90°  displaced  from  the  X^      ' 
Ix  vector,  and  more  than  90°  from  the 
vector  Ex.   Obviously  the  greater  the 
resistance  of  the  X  circuit  compared  to 
its  reactance,  the  greater  will  be  the 
phase  angle  between  Ey  and  the  counter 
E.M.F.,  £c.   The  resultant  of  Ey  and 
Ec  is  the  E.M.P,  which  sends  current 
through  the  Y  circuit.   The  current  pro- 
duced by  it  reacts  upon  the  speed  field 
flux  (  <Py_ )  to  produce  the  torque  of  the 
motor.   The  torque  is  proportional  to 
the  product  of  the  current  and  the  flux , 
and  the  cosine  of  the  time  phase  angle 
between  them.   It  is  apparent,  there- 
fore, that  a  large  resistance  in  the 
X  circuit  means  a  poor  torque. 
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This  was  the  principal  trouble  found  with 
the  motor  experiment^  upon,  which  was  de- 
clined  for  a  compensated  series  motor. 
It  is  constructed  with  resistance  leads 
connecting  the  coils  to  the  armature  in 
order  to  keep  down  the  current  in  the 
short-circuited  coils  and  prevent  spark- 
ing at  the  brushes.   The  relatively  high 
armature  resistance  proved  detrimental 
to  the  torque  of  the  machine  as  an  in- 
duction motor.   Some  improvement  of  the 
torque  was  produced  by  introducing  into 
the  Y   brushes  an  E.M.F.  in  quadrature 
with  the  transformer  E.M.F.,  (E  ),  ten- 
ding to  throw  the  resultant,  E.M.F.  in- 
to phase  with  the  flux,  0y   ,  as  shown 
be  "-ow. 


Qb-o^CtWure  £.*■».£-  in-tv-odvc-Gd. 
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The  result  is  to  throw  E„  and  E  Into 

°    y 

phase  opposition  (if  the  quadrature  E.M.F. 
is  cf  the  proper  value),  so  that  the  re- 
sultant E.M.F.  tending  to  send  current 
through  the  X  circuit  ie  In  phase  with 
the  flux  with  which  the  current  reacts 
(since  <£*   is  in  phase  with  E  ).   At 
synchronous  speed  the  current  is  also 
in  phase  with  <t>%>    since  the  Y  circuit 
has  no  leakage  reactance,  as  the  follow- 
ing facts  show:- 

A  portion  of  the  fcotor  flux 
links  the  rotor  conductors  only,  pro- 
ducing a  local  field  and  an  E.M.F.  of 
induction  in  the  rotor.   Unless  this 
E.M.F.  were  counterbalanced,  a  portion 
of  the  resultant  of  Ev  and  E  would  be 

3  C 

neCessary  to  counteract  it.   At  syn- 
chronous speed,  however,  we  have  ex- 
actly the  same  conditions  obtaining  in 
regard  to  this  local  field  as  we  had  in 
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the  main  field.   A  "speed  field"  equal 
to  it  is  set  up,  and  the  cutting  of  this 
"leakage  speed  field"  produces  a  countBr 
E.M.F.  exactly  equal  to  the  E.M.F.  due 
to  the  leakage  flux  of  the  Y  circuit 
(neglecting  all  losses).   Therefore  at 
synchronous  speed  the  leakage  reactance 
is  zero. 

However,  even  with  the  phase 
compensation,  the  performance  of  the 
motor  under  lead  was  not  very  satis- 
factory.  The  extremely  large  current 
taken  made  it  impossible  to  load  the 
machine  up  to  the  horse  power  it  develops 
as  a  series  motor.   The  results  of  the 
load  tests  are  shown  in  Table  1  and  Fig. 5. 

Neglecting  the  power  required 
to  run  the  motor  without  load,  the  free 
running  speed  of  a  motor  possessing  re- 
sistance in  the  X  circuit   is  reached 
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when  the  vector  sum  of  Ev  and  E  io  at 
right  angles  to  E  ,  for  at  this  speed 
the  current  is  in  quadrature  with  the 
flux  0^   and  no  torque  is  developed. 
If  the  resistance  of  the  X  circuit  is 
so  small  compared  to  the  reactance 
that  its  effect  in  producing  phase  dis- 
placement can  be  ignored,  the  resultant 
of  E  and  E„  is  equal  to  (1-K2)  E+,  where 

y         c 

K.  is  the  speed  with  synchronism  as  unity. 
The  hasis  for  this  statement  is  found  in 
the  proof  already  given  of  the  equality 
of  the  transformer  E.M.F.  and  the  coun- 
ter E.M.F,  at  synchronous  speed,  losses 
neglected.   That  discussion  shows  that 
the  speed  E.M.F.  (Ex)  is  equal  to  the 
transformer  E.M.F.  multiplied  by  the 
speed  expressed  in  percent  of  synchron- 
ism, or  Ex  =  k  By.   Also,  the  counter 
E.M.F.  is  equal  to  the  speed  E.M.F. 
multiplied  by  the  speed,  or 
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Er  =  k  Ex  =  K2  E  . 
c      x       y 

Therefore  Ey  -  Ec  =  Ey  -  kS  Ey  =  U-k2)  E, 

Similar  equations  hold  with  re- 
gard to  the  leakage  reactance,  and  it  is 
therefore  apparent  that  the  leakage  re- 
actance at  any  speed  k  is  (1-k2)  timee 
the  reactance  at  standstill.   The  ira- 
pedence  of  the  circuit  at  a  speed  k  is 


|/R2  +  (1-k2)2*  X2 
where  X  is  the  reactance  at  standstill. 
The  current  at  any  speed  can  be  con- 
sidered as  made  up  of  the  current  at 
synchronous  speed  (the  magnetizing  cur- 
rent) ,  plus  an  additional  load  current. 
The  E.M.F.  effective  in  forcing  the  lodd 
current  through  the  machine  is  the  re- 
sultant of, 

Ey,  Ec,  R  I 
(where  I  is  the  current  at  synchronism); 
and  (1-k2)  X  I,  i.e.  it  is  the  resultant 
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E.M.F*  of  the  motor,  mco.no   the  resistance 
and  reactance  drop  due  to  the  magnetizing 
current.   The  resistance  drop  caused  by 
the  magnetizing  current  is  always  per- 
pendicular to  E  and  the  reactance  drop 
therefore,  is  in  place  with  Ec.   The  re- 
sultant of  Ey,  E  and  R  I  is  practically 
equal  to  Ey  -  E  ,  or  (l-k2)  Ey.   The  re- 
actance drop,  (l-k2)  X  Lis  in  pliaee 
opposition  to  (1-k  )  Ey  and  hence  is 
subtracted  from  it  algebraically , 
giving  as  the  resultant  E.M.F.  pro- 
ducing the  load  current  (1-k2)  E  - 
(1-K2)  X  I  =  Ey  -  Xl|(l-k2).(Ey-Xl) 
being  constant.   It  forces  current 
throughca  resistance  R  and  a  reactance 
(1-k2)  X.   The  load  current,  IT   is,  then, 
IL  =  (Ey  -  XI) (1-k2)   g(Ey  -  X  I) 
JR2+-  (l-k2)2  xr 


(1-k8)^  +*- 
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The  sine  of  the  phase  angle  between  the 
current  and  the  E.M.F.  1b, 


(1-k2)  X 

sin  e  - 


ti&+   (i-ka)2  xs  ./-a - 

r  \l  Tl-fe")8  f  ^ 

*  *  lL  =  (Ey  -  X  1)    sin  e     ^   which  ie  the 
equation  of  a  ciroffle  having  a  diameter 


X 

This  forms  the  basis  for  the  familiar 
circle  diagram  of  the  single-phaee  in- 
duction motor,  which  will  not  be  entered 
into  here,  since  the  object  this  thesis 
is  not  to  investigate,; perf ormance  of  the 
induction  motor,  but  to  study  methods  of 
speed  variation. 

An  important  point  brought  out 
by  the  current  equation  is  that,  al- 
though the  reaction  is  actually  the  vari- 
able quantity,  the  resistance  remaining 
constant,  the  rotor  current  acts  as  if 
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it  flowed  in  a  circuit  of  constant  react- 
ance and  variable  resistance,  and  the 
action  is  essentially  that  of  a  station- 
ary transformer.   The  load  on  the  motor 
has  exactly  the  same  effect  as  a  resis- 
tance load  connected  to  the  secondary 
of  a  stationary  transformer,  as  is  seen 
from  the  current  equation,  where  the 
apparent  resistance  is  seen  to  be 

R 

1-k^    .   It  is  plain  that  an  increase 

of  load,  which  lowers  the  sper>d  (k) , 
produces  a  decrease  of  the  apparent  re- 
sistance. 

Since  we  learn  by  our  Mistakes , 
it  may  not  be  out  of  place  to  call 
attention  here  to  a  fallacious  conclu- 
sion to  which  we  were  led  by  the  vector 
diagram  of  the  motor. 


-f erring  to  Fig.  6,  which  re- 
presents the  main  and  counter  E.M.F.'o 
of  the  motor  and  their  resultant,  it 
would  seen  at  first  sight  that  reactAnoe 
in  the  Y  circuit  (through  which  the  cur- 
rent from  the  resultant  (Eg)  flows) 
would  improve  the  torwue  of  a  motor  whose 
resistance  was  suc/t  as  to  throw  E  and 

y 

E  out  of  phase,  since  such  reactance 
would,  as  the  figure  shows,  tend  to  throw 
the  current  into  phase  with  Ec,  which  is 
also  the  phase  of  the  flux  <py  reacting 
with  the  current.   a  reactance  in  the 
Y  current,  however,  failed  to  produce 
such  ar:  effect,  the  reason  being  the 
following: 
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Consider  that  into  the  circuit 
of  resistance  R,  at  first  totally  with- 
out reactance,  s  sufficiently  large  pure 
reactance  is  introduced  to  throw  the  cur- 
rent vewtor  into  place  with  E  .   In  the 
first  case  the  E.M.F.  producing  current 
is  entirely  used  up  in  overcoming  re- 
sistance, or  ER  =  H  i1#   The  torque  is 
equal  to  K  <fiK  1^   cos  G    ,   where  0K   ie 
the  flux.  When  the  reactance  is  in- 
troduced into  the  circuit,  ER  cos  &    - 
Rig.   The  torque  is  K^.1^,  since  the 
current  and  the  flux  are  now  in  phase. 

But  R    Ip  _  £COS    0         ey  Io    ■    I-,     COS  G 

~R~!q~    "rrrisr-      1 

Therefore  the  torque  in  the  second  case 
also  is  K  ^I?  =  K  <pk  l1      cos  e  -    which 
sxplains  the  failure  of  this  attempt 
to  improve  the  torque  of  the  motor. 

From  the  theory  outlined  above 
is  is  evident  that  the  "field  fluxn   of 
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ihe  motor,  i.e.  the  flux  which  reacts  to 
produce  the  torque,  is  the  speed  field 
flux,  0t  .   The  X  brushes  carry  the  field 
current  of  the  machine,  and  the  Y  "brushes 
carry  the  load  current.   It  has  been 
sho-.'n  that  the  motor  runs  at  suoh  a  speed 

that  the  counter  E.M.F.  due  to  cutting 
the  speed  field  flux  equals  the  impress- 
ed E.M.F.  (neglecting  losses),  -fiirst 
as  in  a  direct  current  shunt  motor. 
These  characteristics  give  rise  to  me- 
thods of  speed  control  similar  to  those 
of  a  shunt-round  direct-current  machine , 
viz.,  variation  of  rield  current  and 
variation  of  voltage  over  the  Y -brushes . 
Change  of  Speed  by  Use  of  an 
Inductance  in  the  X  Circuit. 

If  an  inductance  is  inserted  in 
the  X  circuity  a  smaller  current  will 
flow  for  a  given  speed  generated,  E.M.F..  E^ 


Therefore  the  value  of  the  speed  field 
will  become  less#,  and  the  counter  E.M.P, 
would  also  decrease  in  the  same  proportion 
as  the  speed  field  if  the  speed  of  the 
motor  did  not  change.   In  order  to  keep 
the  counter  E.M.F.  (Ec)  equal  to  the 
transformer  E.M.F.  (Ey)  the  motor  must 
speed  up,  increasing  the  speed  field 
and  the  counter  E.M.F.  until  balanced 
E.M.F.' a  are  obtained. 

The  diagram  jFig.  7)  shows  the 
connections  for  this  method  of  speed 
variation.   Two  values  of  inductance 
were  used  and  an  Increase  of  speed  was 
obtained  of  15.6$  and  5.68$  respectively. 
A  capacity  in  the  X  circuit  would  in- 
crease the  speed  field  current  and  lower 
the  speed,  but  the  size  of  condenser 
needed  renders  this  method  of  spe°d  con- 
trol impractical. 
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Speed  Variation  by  Coils  Opposing 

or 
Strengthing  the  Speed  Field. 

If  coils,  placed  so  that  their 
flux  is  parallel  to  the  speed  field,  are 
connected  in  series  with  the  X  circuit 
the  speed  will  be  raised  or  lowered,  ac- 
cording as  the  flux  from  the  coils  op- 
poses or  aids  the  speed  field  flux. 
Such  coils  in  the  motdrr  tested  were  those 
which  were  the  main  field  coils  of  the 
machine  when  run  as  -a«~4ediict*©n  motor. 
The  connections  for  this  method  are  shown 
in  Fig.  8. 

The  inductance  varies  as  the 
square  of  the  number  of  effective  turns , 
and  the  field  strength  varies  directly 
as  the  ampere  turns .   If  the  speed  of 
the  motor  is  to  be  made  one-half  of 
synchronous  speed,  the  speed  field  must 
be  twice  as  strong  as  at  synchronous 
speed  in  order  that  the  counter  E.M.F. 
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(E0)  may  wqual  E  .   In  general,  for  a  ppe^d 
k  times  synchronous  the  ampere  turns  of 
the  X  circuit  (producing  the  spe^d  field) 

mUst  be  1  ti-  of  their  value  for  synchro- 

k 
nous  running.   The  number  of  turns  re- 
quired for  a  speed  k  times  synchronism 
can  be  thus  determined: - 

N,  =  Effective  turns  producing  speed 

field  at  synchronism. 
Ex  =  Effective  voltage  producing  speed 

field  at.  synchronism. 
No  =  Effective  turns  producing  speed 
field  at  speed  k. 
At  the  new  speed  the  speed  field  must 
be  X  ^  as  strong  as  at  synchronism. 
Assuming  constant  permeability  in  the 
magnetic  circuit,  the  ampere  turns  must 

be  Nj I,  .   The  voltage  producing  the 

k 
speed  field  will  be  kEx,  since  the 

strength  of  the  Y  field  is  interchanged . 
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This  would  give  a  current  cf  kl^  amperes 
through  the  original  number  of  turns. 
But,  as  the  impedance  of  the  windings 
is  almost  wholly  reactance,  the  current 

through  the  turns  no  will  be  n-|2 x'&l 

«  2 

since  the  reactance  varies  at  the  square 

of  the  turns.   The  ampere  turns  are 

nl2   KIX  up.      Equating  the  two  express- 
es 
ions  for  the  ampere  turns, 

„.  1 


n2?.    ls.li  -  n-\  Ii   or  n1  g  1 
K         n2    k" 

no  =  n^k2 . 

That  is,  the  total  turns  effective  in 

producing  the  speed  field  for  a  speed 

k  must  have  k2  times  the  value  of  the 

effective  turns  on  the  armature  (which 

are  the  turns  producing  the  speed  field 

at  synchronous  speed). 
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The  current  for  the  speed  k  is 

Si! x  k  I    =  U)2  a  kl,  =  i, 

Evidently  the  use  of  this  method  for  de- 
creasing the  speed  is  limited  by  the 
great  increase  of  the  current  in  the 
X  circuit.   For  a  speed  of  l/2  syn- 
chronous speed  the  current  must  he  eight 

times  its  normal  value. 

A  speed  variation  was  obtained 
by  this  method  of  from  7<r.p.m.  to  5f>0 
r.p.ra.  with  the  windings  opposing  the 
armature  turns,  and  from  700  to  905 
with  the  windings  aiding.   As  the  motor 
was  running  with  a  slip  of  60  r.p.r., 
the  ratio  of  the  currents  above  derived 
could  not  be  verified  experimentally. 
The  large  increase  in  the  X-current 
when  the  speed  was  lowered  and  the  de- 
crease when  it  was  raised  by  this  method 
give  an  approximate  confirmation  of  the 

theory. 
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Th>e  number  of  coils  used  for  varying 
the  speod  could  not  be  altered  on  the 
motor  we  tested,  but  a  motor  could  be 
constructed  in  which  varying  numbers  of 
turns  could  be  used  and  a  rather  cIobs 
speed  regulation  obtained .   It  should  be 
noted  in  this  connection  that  at  speeds 
above  synchronism  the  leakage  reactance 
of  the  Y-oircuit,  (l-k^)  X,  becomes  neg- 
ative, i.e.. is  a  capacity  resistance. 
This  should  tend  to  compensate  for  the 
primary  leakage  reactance  of  the  machine, 
and  improve  the  power  factor.   The  in- 
creased reactance  in  the  X-circuit  when 
the  speed -varying  coils  are  strengthen- 
ing the  armature  flux  tends  to  improve 
the  toroue  of  the  machine  at  speeds 
below  synchronise  by  making  the  effect 
of  the  resistance  of  the  X-curront  neg- 
ligible compared  to  the  reactance. 
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transformer  field  has  no  effect  upon  the 
speed  of  the  motor.   However,  an  additional 
voltage  applied  directly  to  the  Y  circuit 
changes  the  value  of  the  E.M.F.  in  that 
circuit  without  changing  the  flux  0o  . 
Therefore  the  counter  E.'.F.  at  any 
speed  other  than  synchronism  is  equal 
to  k  Ey,  regardless  of  the  additional 
voltage  introduced.   If  this  voltage  be 
called  Ei,  the  free-running  speed  of  the 
motor  will  be  reached  when 
k°  Ey  =  Ey  -t  E±   or 


I      % 

The  change  from  synchronous  speed,  then, 
is  seen  to  be  proportional  to  the  square 
root  of  the  ratio  of  the  voltages  after 
and  before  +he  changes   Owing  to  the 
slip  of  the  motor,  only  an  approximate 
verification  of  this  fact  could  be  ob- 
tained experimentally. 
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By  using  an  auto-transf ormer 
with  several  taps,  speeds  of  4?0,  520, 
575,  642,  490  (E±   =  0),  740,  770,  830, 
and  885  r.p.m.  were  obtained.   As  Tabled 

shows,  these  changes  were  accompanied 
by  no  rreat  alteration  in  the  current 
in  either  the  X-circuit  or  the  Y-circuit. 
This  method  appears  to  be  the  most  sat- 
isfactory of  the  methods  used. 
General  Conclusions. 
Owing  to  various  circumstances, 
we  were  unable  to  start  actual  experi- 
mental work  upon  the  motor  until  late 
in  the  semester;  and  the  short  time  re- 
maining, together  with  the  poor  design 
of  the  machine  for  the  purpose,  made  it 
impossible  to  determine  how  satisfactor- 
ily the  various  methods  of  speed  vari- 
ation would  operate  under  load  conditions. 
Very  little  experimenting  has  been  done 
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on  variable  speed  induction  motors  of 
this  type,  but  it  would  appear,  even 
from  our  rather  meager  results,  that 
such  machines  could  be  made  practicable 
commercially  by  proper  designing.   Since 
the  speed-regulating  devices  by  field 
control  depend  on  reactance  instead  of 
resistance  to  keep  down  the  current, 
they  should  be  more  efficient  than 
similar  regulations  on  direct  current 
machines.   The  obvious  objection  to  the 
variable-speed  shunt  induction  motor  is 
the  additional  cost,  due  to  the  commu- 
tator.  The  simplicity  of  the  squirrel- 
cage  induction  motor  has  been  one  of  the 
principal  seasons  for  its  extensive  us®. 
But,  even  with  the  additional  complicity, 
there  should  be  a  large  market  for  a 
satisfactory  variable-speed  alternating 
current  motor  in  places  where  direct 
current  machines  are  now  of  necessity 
ei  ployed. 


1 

1 { 

..,  . 

~ ', T— 

j 

t 

; 

■ 

| 

— , 

- — p""*  ■  -\-  ' 

BSE      BBSS 


— I — L_|  jggfa   /o»|-—: l I 1 . 


1 

7*1"    9x1      6.7     S<f. 

//.e>A  />3     $.  7     £1 


/ft/  >0.£    /4.4  7fl.       7&J"    rf./ 

**.0  **#    /7.£  ?J        ?>".     63-/ 

^57^  >?.4'  /?.7  7^.7     #.      6^-6 

*7.70  So. I    >/.*  7*.4"   S*?       7/.tf 

3h0o  3<f.o   ><>.  >  j 

j^:/«  3<u"  >6->i' 

31.Z0  4-4-.      3c. 

....       ,_„  I 


43.*-   48.S-  3if 
48       6~4-*'  37. 


; 

/ 

w- 

1 — ^— 

. 

/ 

/ 

11 

,. .  . , 

■      i 

LI 

J 

/ 

_____ 

1 

WTA 

\ 

/ 

I 

.  .- 

/ 

J 

\ 

/ 

-_j_-| 

1 

/ 

L&j 

/ 

| 

/ 

/ 

j 

> 

/ 

i 

'  ; 

A 

_r 

HU1 

/ 

Motor 

ve. 

et 

Maori-fit 

fZ.CL\ 

^lOTX, 

Cur 

/ 

/ 

y 

/ 

; 

f 

\ 

/ 

, 

/ 

i 

